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a next generation light source

High repetition rate (! MHz)

~250 - 1,250 eV (fundamental)

Seeded operationCoherence

Tunability

Rep Rate

NGLS will have:
More photons per unit bandwidth
More photons per second
Shorter pulses
With a controlled trade-off between pulse length and energy resolution

 CW LINAC  Modular FEL array

X-ray Laser
Capabilities

Storage Ring Utility 
& Friendliness



broad range of energy science uniquely enabled by NGLS
Natural and Artificial Photosynthesis Fundamental Charge Dynamics Advanced Combustion Science

Catalysis Nanoscale Materials Nucleation Dynamic Nanoscale Heterogeneity

Quantum Materials Nanoscale Spin and Magnetization Bioimaging: Structure-to-Function



time to do experiments - photosynthesis

Sourc  ce (intrinsic)

Max. ph/
pulse

Max. Rep. rate 
[Hz] Time to do expe   eriment Time 

resolution

Storage Ring 105 5x108 1017/105/105 100 days 100 ps

Pulsed FEL 1010 102 1017/108/102 100 days ~fs

NGLS 109 106 1017/108/105 3 hours ~fs

Time to do experiment:
 Photons Required / (Photons/Pulse x Rep. Rate)

Required 1017 photons
Damage Limit 108 ph/pulse
Max Rep. Rate 105 Hz

TunabilityRep Rate



NGLS in 2022

Seeded
Ultra-fast
250 as pulses

~10–100 fs

!0.25 fs

10 "s

5 – 150 fs

Seeded
~Time-bandwidth limited
10-3 – 5x10-5 "! / !

Trade time / energy
resolution

(self-seeded) SASE
Highest rate
103 x XFEL, 106 x LCLS

#1 "s

Highest power
Limited only by gun rate

~250 - 1,250 eV (fundamental)
~1% (0.1%) flux in 3rd (5th) harmonic

    and      ~1011 - 1012 photons / pulse
  and     may both be self-seeded FELs

    ~108 - 109 photons / pulse

Two color



assumptions - updated from the time of CD-0
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areas addressed by R&D

• Bring all items up to needed technical maturity
• Many technologies (e.g. linac) sufficiently mature
• R&D program focuses on technology maturation (described below)
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High repetition rate (! MHz)

~250 - 1,250 eV (fundamental)
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Rep Rate



Technology Readiness Assessment
Purpose: prioritize R&D needed to get to CD-1
Walk through WBS at Level 3
R&D to get to TRL ! 4 by CD-1
Design needed to get to TRL ! 4 by CD-1
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Value Engineered Design
Iteration - with SCRF partner

system trade studies
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Iteration - now

Ⓒ Microsoft

Natural and Artificial Photosynthesis Fundamental Charge Dynamics Advanced Combustion Science

Catalysis Nanoscale Materials Nucleation Dynamic Nanoscale Heterogeneity

Quantum Materials Nanoscale Spin and Magnetization Bioimaging: Structure-to-Function

X-ray energy, flux, bandwidth, pulse length, ...

electron energy, gradient, undulator period, ...

cost/module, $/Watt, $/GSF, ...

NGLS@CDR



TMF

NCEM
ALS

Bevatron Flat

LBNL site 
boundary

Experimental Hall
and Laboratory Space

FEL and X-Ray Beamline Array Linac in Tunnel

Injector

ALS

46

Great Valley Group (Kgv)

Orinda Formation (TO)

LINAC

FELs

accelerator housing at LBNL (in tunnel - full buildout)



similar construction nearby

2011.11.29 Caldecott 4th bore breakthrough

4th Bore Caldecott Tunnel
Same rock formation (Orinda)
Jacobs Associates are engineer of record

99
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~700 m excavation

~2 mi



02/2010

Soon 2020’s

02/2012



building construction at LBNL



organization

FNAL coordinates and integrates SCRF
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next steps
Inclusion in FY14 Budget Request
Buildings vs. Brightness (cost exercise)

Cost = # Machine [!EBEAM] + $ Conventional Facilities + ! Everything Else

Preparation of CDR

MOU being prepared

Cost exercise: what are we proposing?


